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(54) METHOD AND APPARATUS FOR URINALYSIS, METHOD OF MEASURING OPTICAL 
ROTATION AND POLARIMETER 



(57) The present invention provides a urinalysis 
apparatus easy to maintain and manage without using 
any supplies such as the test paper, in which the con- 
centration of an optically active substarKe in urine is 
determined by measuring the angle of rotation of the 
urine. Alsa a polarimeter and a urinalysis apparatus 
which are reliable, compact and inexpensive are pro- 



vided by using a polarimeter including means for trans- 
mitting the polarized light through a specimen, applying 
a magnetic field to the specimen and detecting the 
change in the direction of light polarization due to the 
application of the magnetic field. 
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Description 

Technical ReW 

5 The present invention relates to a method of measuring an angle of rotation usable for identifying, examining a 

purity and determining a concentration of a solute in the solution, and a polarimeter using the method, and more par- 
ticularly to a method and an apparatus for urinalysis in which the angle of rotation of urine sarrpled from a man or other 
animal for examining the concentration of glucose, protein, etc. contained in the urine. 

10 Background Art 

A healthy adult person usually voids 1000 —1500 ml of urine every day. Tlie total amount of solid components 
thereof is 50 — 70 g. About 25 g of the solid components Is inorganic sutjstances mainly composed of sodium chloride, 
potassium chloride and phosphoric acid, most of which are dissolved in the form of ions. The remains are organic sub- 

15 stances mainly composed of urea and uric add. arxJ slight arrxxirTts of sugar and protein also exist therein. The con- 
centrations of sugar and protein in the urine r^lect the health corxJitions of the adult. 

The sugar contained in the urine, i.e.. glucose is discharged usually at a rate of 0.13 — 0.5 g per day into the urine. 
From this figure arKl the amount of urine, the concentration, i.e., the urine glucose level can be estimated at not more 
than 50 mg/dl on the average. The corresponding value is several hundred mg/dl. or sometimes as high as several thou- 

20 sand mg/dl. In other words, the value for diabetics can increase by a factor of ten or hundred as compared v«th the nor- 
mal value. 

On the other hand, the protein contained in urine, i.e., albumin is smaller in amount than glucose, and discharged 
at the rate of 3 — 60 mg Into the urine. By taking the amount of the urine Into account average concentration is about 
6 mg/dl or less. If a kidney is suffered, the albumin concentration reaches 100 mg/dl or nnore. That is. the value is 
25 increased to ten times the normal value or nnore. 

Ordinally. as a conventional method of examining such sugar or protein in the urine, a test paper impregnated with 
an agent is dipped into the urine and a color reaction thereof is measured by spectrophotometer or the like. 

In this method, however, different kinds of test paper were required to use for different items of examination includ- 
ing sugar, protein, etc. Also, a new test paper is required for each test, thereby leading to the disadvantage of a high 
30 running cost. Further, automation for labor saving has its own limit 

In addition, in a case of home use. a layman is demanded to set and change the test paper. This process is com- 
paratively annoying and forms a stunrtoling block to the extension of the domestic use of the urinalysis apparatus. 

Now. the conventional polarimeter will be explained. The conventional polarimeter had the problems described 
below. 

35 An example of the conventional polarimeter is shown in Rg. 20. 

In Rg. 20, a light source 121 is configured of a sodium lamp, a band-pass filter, a lens, a slit, etc. for projecting a 
substantially parallel light composed of a sodium D ray having a wavelength of 589 nm. A polarizer 122 is arranged in 
the direction of advance of the light projected from the light source 121 in such a position as to transmit only a compo- 
nent in a specific direction, which has a plane of vibration coinctdent with a transmission axis thereof, of the light pro- 

40 jected from the light source 1 21 . A sample cell 1 23 for holding a specimen is arranged in the direction of advance of the 
light fransmitted through the polarizer 122. Further, an analyzer 124 is arranged, like the polarizer 122, in such a posi- 
tion as to transmit only the component of the light in a specific direction. An analyzer rotator 125 is for rotating the ana- 
lyzer 124 on an axis parallel with tiie direction of advance of the light projected from tine light source 121 under the 
control of a computer 127. A light sensor 126 is for detecting tine light projected from the light source 121 and transmit- 

45 ted through the polarizer 122, the sample cell 123 and the analyzer 124. The computer 127 controls tiie analyzer rotator 
1 25 while recording and analyzing a signal from the light sensor 1 26. 

The principle of this conventional example will he explained with reference to Fig. 21 . In the figure tine aljscissa rep- 
resents tiie relative angle e formed between the plane of vibration of tiie light transmitted through the polarizer 122 and 
the plane of vibration of tiie light transmitted tfirough the analyzer 126. Herein. 6 is assumed to take zero when the 

so angle between these two planes of vibration reaches 7c/2, i.e.. in the orthogonal nicol state. The ordinate represents an 
intensity I of the light that has reached the light sensor 126 based on an output signal of the light sensor 126. Herein, 
the solid line indicates the output signal in the case where the specimen exhibits no optical rotatory power Under this 
condition, the relation between e and I is shown by equation (1) mentioned below. Herein, a transmission loss and a 
reference loss of tiie sanrple cell 123 and tiie analyzer 122 respectively are ignored. 

55 

l = Tx 1^ X (cose)^ (1) 

where. 
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T: transmittance of specimen 

1^: intensity of light incident to specimen 

As apparent from equation (1). I changes with a change of e. i.e., with the rotation of the analyzer 126. so that an 
5 exUnciion point with a minimum I appears for each %. 

In the case where the specimen has an optical rotatory power and its angle of rotation ^ a, on the other hand, the 
light intensity is represented by dashed line in Rg. 21 and given by equation (2). 

l = Txl^x{cos(e-a)}^ (2) 

10 

As seen from this, a specimen having an optical rotatory power, as compared with a specimen having no optical 
rotatory power, has the angle associated with the extinction point displaced by a. The angle of rotation can be meas- 
ured by finding the displacement a of the angle associated with the extinction point by the computer 127. 

In this method, however, S/N ratio of the output signal of the light sensor 126 is comparatively inferior for lack of a 

15 modulated component and it is difficult to accurately determine the extinction point As a result, a specimen with a small 
a cannot be measured with high accuracy. 

For this reason, a pdarimeter shown in Rg. 22 is also used in order to improve an accuracy of determining the 
extinction point. In Rg. 22, a Oght source 141 is configured of a sodium lamp, a band-pass fitter, a lens, a slit etc. for 
projecting a sut>stantially parallel light of sodium D ray havirrg a wavelength of 589 nm. A polarizer 142 and an analyzer 

20 1 44 are anranged in the direction of advance of the light projected from the light source 141 aligning their transmission 
axes with the direction of advance of the light projected from the tight source 1 41 . with a sample cell holding a specimen 
interposed therebetweei. An analyzer rotator 145 is for rotating the analyzer 1 44 on the transmission axis thereof as a 
rotation shaft under the control of a computer 147. A light sensor 146 detects the light projected from the light source 
141 and transmitted through the polarizer 142, the sample cell 143 and the analyzer 144. The computer 147 controls 

25 the analyzer rotator 1 45. and records and analyzes the signal of the light sensor 1 46. An optical Faraday modulator 151 
vibrates the direction of polarization. A signal generator 1 52 drives the optical f=araday modulator 1 51 . A lock-in annpli- 
fier 143 ts for phase sensitive detection of an output signal of the tigtit sensor 146 with reference to the vibration-mod- 
ulated signal from the optical Faraday modulator 151. 

The operating principle of the polarimeter will be explained below with reference to Fig. 23. 

30 In Fig. 23. the abscissa and the ordinate represent, as same in Fig. 21 , 0 arKJ I, respectively, with the extinction point 
arKi the neighborhood thereof shown in an enlarged view. The optical Faraday modulator 151 vibration-nKxlulates the 
direction of polarization with an amplitude of 6 arvj an angular frequency of In the process. 1 is given as shown in 
equation (3) below from equation (2). 

35 UTx l^j x{cos(e-a + 8xsin(<Dxt))}^ (3) 

where 

t: time 

40 

In Rg. 23. the extinction point or the neighborhood thereof is involved, I.e., 6 ^ tc/2 , and tiierefbre equation (4) can 
be approximated as shown by equation (4). 

e = 7i/2 + p (4) 

45 

where, 

50 Substituting this equation (4) into equation (3) gives equation (5) below. 

I = T X l^j X {[sin(p - a + 6 X sin(<D x t)]}^ (5) 

If it is assumed tiiat an angle of rotation of the specimen and an amplitude of vibration modulation are small, that 
55 is |a| « 1 and 6 « 1 . equation (5) is approximated as shown in equation (6) below. 
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2 

|i-Txl^jx{p-a + 6x sin(ci) x t)) 

= T X I ^ X {{p - a) ^ + 2 X (p - a) X 5 X sin(cD x t) + [6 x sin(a) x t)] ^) 

= T X X {{p- a)^ + 2 X (p . a) X 6 X sin(a) x t) + [5^/2 x (1 -cos(2 x © x t))]} 



(6) 



This indicates that the output signal I of the light sensor contains signal conponents of angular frequency = 0 (DC), 
G) and 2 X ax This is obvious also from Rg. 15. By the phase sensitive detection of the value I with the vibration-modu- 
lated signal as a reference signal in the lock-in amplifier, it is possitrfe to pick up the component of the angular frequency 
<B^ i.e.. the value S shown in equation (7) below. 



This S is zero only when p = a and this point constitutes an extinction point In other words, the value of p when S 
becomes zero in a step of rotating the analyzer arxJ sweeping p is the angle a of rotation. 

As described above, modulation of the direction of polarization, makes it possilile to pick up the signal of the mod- 
ulated frequency component selectively by separating it from noises such as a source light intensity, power fluctuations 
and radiation, thereby making it possible to obtain the signal S with high S/N. This value S can be used to determine 
the extinction point accurately arxi permits a highly accurate measurement of the angle a of rotation. 

Nevertheless, the above-mentioned polarimeter is complicated in structure due to the need of a means for rotating 
the analyzer and a nDodulator, and therefore has its own limit of cost reduction and relialjility. 

Disclosure of Invention 

Taking these subjects irrto consideration, the object of the present invention is to provide a method of urinalysis 
easy to maintain and manage without using supplies such as a test paper. Further, the object of the present invention 
is to provide a reliable, compact and inexpensive polarimeter and a urinalysis apparatus using this one. 

According to the method of urinalysis of the present invention, a concentration of an optically active substarrce con- 
tained in urine is determined by measuring an angle of rotation of the urine. Glucose and protan existing in the urine 
exhibit an optical rotatory power whereas urea and uric add constituting the main components of the organic sub- 
stances in the urine have no optical rotatory power. Also, none of the inorganic substances in the urine exhit>its tiie opti- 
cally rotatory power. For this reason, tiie concentration of glucose or protein in the urine can be accurately determined 
by measuring the angle of rotation of the urine. Similarly, the concenfralion of L-ascortDic acid (what is called vitamin C) 
which may t>e contained in the urine can also be determined by measuring the angle of rotation. Once the angle of rota- 
tion of tiie urine is measured by using a high-precision polarimeter, therefore, tine angle of rotation due to the optically 
active suljstances like glucose and protein existing in low concentration can be detected thereby making it possible to 
calculate the concentration of these substances. As a result, the concerttration of the glucose and protein in tine urine 
can be examined without using any supplies. 

The present invention provides a highly accurate, reliable, corrpact and inexpensive polarimeter which solves tiie 
above-mentioned problems of the conventional polarimeter. 

The principle of a method of analyzing the urine by measuring the angle of rotation according to the invention will 
be explained below. 

The angle A of rotation is proportional to the product of a specific angle a of rotation and the concentration C of an 
optically active sutjstance. This relation is shown by equations (8) and (9). 

In the case where only one type of optically active sutistance is involved, the relation is given by 



S = TxlQx2x{p.a)x6 



(7) 



A [degree] = L [cm] x a x C [kg/dQ 



(8) 



while if N types of optically active substances are contained, tfie relation hoWs: 



A= L X (a^ X + 02 X C2 • •+0^x0^) 



(9) 



where L is tiie measured optical path length. 

The specific angles a of rotation of glucose and albumin are shown in Table 1 . 
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Table 1 



wavelength 


589 nm 


580 nm 


glucose 


50 


25 


albumin 


-60 


-10 


Unit: [degree/cm • dl/kg] 



10 

The specific angles of rotation shown above are values for a glucose aqueous solution and an albumin aqueous 
solution at 20°C. 

Specifically, when a light having a wavelength of 589 nm propagates by the distance of 1 0 cm through the glucose 
15 aqueous solution of 100 g/dl in concentration, a direction of polarization of the light rotates by 50 degrees. Although this 
concentration cannot be achieved due to the limited solubility of glucose actually, the direction of polarization rotates by 
50 X 10"^ degrees at the concentration of 100 mg/dl since the angle of rotation and the concentration are in proportion 
as shown in equation (8). 

In the case where glucose is the only optically active substance in the urine, therefore, a urine glucose level can be 
20 calculated from the specific angle of rotation of glucose by measuring the angle of rotation of the urine. A similar calcu- 
lation is possible also for albumin and L-ascorbic acid. 

Further, an angle of rotation of urine having a known range of angle of rotation presented by an irtterfering optically 
active substance other than optically active substance of unknown concentration is measured, and the concentration C 
of the optically active substance is determined to be within the range of 

25 

(A - Ah)/{a X L) ^ C ^ (A - A,)/(a x L) (10) 

where 

30 A: measured angle of rotation of the urine [degree]. 

Ah-* maximum value of the angle of rotation presented by the interfering optically active substance [degree]. 
A|: minimum value of the angle of rotation presented by inteiering optically active sul>stance [degree], 
a: specific angle of rotation of the optically active substance [degree/cm • dl/kg]. arxJ 

L: measurement optical path length [cm]. According to this method, the concentration of each of a plurality of opti- 
35 cally active substances including glucose, albumin, L-ascorbic acid. etc.. which may coexist in urine can b^ calcu- 
lated. 

First equation (9) is modified to obtain equation (11) below. 
40 A = A3, + A^ (11) 

where it is assumed that 

Ajj = L X X C^. and 

45 

A(j = Lx(a2xC2+... + a|sjxC,y,). 

In equation (2). assume that substance 1 is an optically active substance X to be detected, and substances 2 — N 
are other optically active substances, i.e.. interfering optically active sut^stances. Ad corresponds to the angle of rotation 
50 presented by the interfering optically active substances. If the concentration range of the substances 2 to N is known, 
the maximum value A^ and the minimum value A| that A^j can assume are known. This leads to equation (12) below. 

A- Aj, ^ A^ = A- A^j ^ A- A, (12) 

55 Equation (12) determines the range of the angle Ax of rotation, and the concentration Cx is also determined from 
the specific angle ax of rotation and the length L of the measurement optical path. Equation (12) is expressed as equa- 
tion (10) in terms of the concentration C of the optically active substance X. 

In the case where the glucose concentration in urine is examined, for example, assume that the concentration of 
the interfering albumin is not more than 10 mg/dl, i.e., assume that tiie minimum value of the allxjmin concentration 



5 



BNSDOCID. <EP 0805352A1_L> 



1 « » 

V 

EP 0 805 352 A1 

which can be assumed is 0 and the maximum value thereof is 10 mg/dl. respectively, with the wavelength of 589 nm 
and the length of measurement light path of 10 cm. is zero degree and is -6 x 10'^ degrees. Then, assuming that 
measurement A = 0. 1 degree, the glucose concentration C (mg/dl) can be determined to be 200 ^ C ^ 21 2 from Table 1 . 

Actually, considering the fact that an abnormal urine glucose level can reach not less than several hundred mg/dl. 
5 the examination with the abovendescribed accuracy often suffices. Specifically, in the case where the albumn concen- 
tration is about 10 mg/dl or less representing a nomnal value, the abnomiality of the sugar in the'urine can be deter- 
mined by measuring the angle of rotation with a single wavelength. 

Further, angles of rotation of the urine including N types of optically active substances is measured using the light 
having N different types of wavelength thereby to determine the concentrations of the optically active substances in the 
10 urine. The specific angle of rotation varies with wavelength due to optically rotatory dispersion. Ck)nsequently, in the 
case where N types of optically active substances coexist. N ind^endent simultaneous equations can be obtained 
using equation (9) by measuring the angle of rotation by each of the N wavelengths. This makes it possible to calculate 
the concentration for N types of optically active sut>stances. 

In this way, the atxiormality of the sugar or the albumin concentration in the urine can be determined by measuring 
15 the angle of rotation of the urine. 

Also, the angle of rotation of the urine for the light having a wavelength of not less than 500 nm is measured. For 
the short wavelength of less than 500 nm, the absorption due to urochrome (a yellow component of urine), principally, 
increases to such an extent that the measurement accuracy is sometimes adversely affected. 

Further, the concemration of a light-scattering sul>stance contained in the urine is determined by measuring an 
20 amount of a light scattered in the urine. 

Also, the light scattering substance is at least one of protein and blood. The molecular weight of the albumin con- 
stituting protein in tfie urine is about 70 thousands, which causes light scattering sufficiently large as corrpared with the 
light scattering due to the molecular weight of other organic sulDstances indiKling glucose (having a molecular weight 
of about 180) or the like and inorganic substances contained in the urine. Specifically, the scattering of the light propa- 
25 gating in the urine is dominated by allxjmin. As a result, the albumin concentration can be determined by in-adiating light 
to the urine and observing the scattered light directiy or in tine form of the decreasing amount of the transmitted light. It 
is also possible to examine the presence or absence of the blood which have comparativeiy large particles. 

Furtiier. tiie amount of the scattered light in the urine is measured for the light having a wavelength of not less than 
500 nm. As in the case of measuring tiie specific angle of rotation, tiie light having a wavelengtii of shorter than 500 nm 
30 Involves an increased absorption mainly due to urochrome. often adversely affecting tiie measurement accuracy. 

Furtfiemriore. tine amount of tiie scattered light is measured together with the angle of rotation of the urine ttieretjy 
to determine ttie concentration of the light scattering substances as well as the optically active substances contained in 
the urine. This is effective especially in the case where botti glucose and albumin exist in an amount not negligible in 
the urine. 

35 In this way. according to the present invention, the concentration of sugar and protein in tiie urine can be easily and 
accurately deternrtined by measuring the angle of rotation of the urine. This metfiod also eliminates tiie need of supplies 
such as the test paper unlike in the prior method. 

In addition, a high reliability and a low cost of the polarimeter is made possitrfe, and a reduced cost and a higher 
reliability of the urinalysis apparatus is also made possible as described below. 

40 According to ttie method of measuring the angle of rotation of the present invention, an angle of rotation of a spec- 
imen is measured by applying a magnetic field to the specimen and detecting ttie change in the direction of polarization 
of the light due to the magnetic field. 

In view of this, the present invention provides a polarimeter comprising a monochromatic light source for projecting 
the light, a polarizer for transmitting only the polarized component in a specific direction of the projected light, a sanple 

45 cell for holding ttie specimen and an-anged in such a manner ttiat the light passed tiirough the polarizer is fransmitted 
through the specimen, means for applying a magnetic field to the specimen, means for sweeping the magnetic field, an 
analyzer for transmitting only the polarized component in a specific direction of tiie light transmitted through the speci- 
men, a light sensor for detecting the light transmitted tiirough tiie analyzer, and calculation means for calculating an 
angle of rotation of the specimen on the basis of a magnetic field sweep signal of ttie magnetic f ieW sweeping means 

50 and an output signal of tiie light sensor 

When a light is propagated through a medium and a magnetic field is applied in tiie direction of propagation of the 
light, tiie direction of polarization of tiie light is rotated in accordance with the propagation. This phenomenon is called 
the optical Faraday effect. This optical Faraday effect is given by equation (13) below. 

55 a = VxHxL (13) 

where 

a: rotational angle of the direction of polarization [minute], 
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V: Verdet's constant of the medium [minute/A], 
H: magnetic field [A/m], and 
L: propagation distance [m]. 




Table 2 



10 



V/100[minute/A] 



water 



1.645 



chloroform 



2.06 



acetone 



1.42 



rock crystal 2.091 
flint glass 4.85 



20 



Temperature = 20 ""C Wavelength 
= 589 nm 



This optical Faraday effect is utilized by the optica! Faraday modulator used in the prior art. This is such that a sole* 
25 noid coil is wound on a rod of flint glass and is supplied with a current to apply a magnetic field thereto, thereby modu- 
lating the direction of polarization of the light propagated in the direction of the magnetic field. Free modulation can be 
conducted by controlling the current flowing in the solenoid coil. 

As described above, the optical Faraday effect permits the modulation of the polarization direction upon application 
of a magnetic field to a medium. As apparent from Table 2, this is also the case with water, chloroform, acetone or the 
30 like widely used as a solvent Therefore, upon application of a magnetic field to a solution with a specimen dissolved 
therein, the very solution rotates the direction of polarization of the light propagating through the solution by the optical 
Faraday effect. Specifically once a magnetic field is applied to a sample cell holding a specimen, the particular sample 
cell and the magnetic f iekj application means functbn as an optical Faraday modulator. A solenoid coil, a magnet etc. 
which apply the magnetic field in the direction of light propagation can be used as a magnetic f ieki application means. 
35 The magnetic field can be modulated by modulating the current flowing in the solenoid coil or by modulating the dis- 
tance between the magnet and the specimen. In this way. the direction of polarization can be vibration-modulated by 
vibration-modulating the magnetic field, thereljy making it possible to measure the angle of rotation in the same manner 
as in the prior art. 

Also, if the magnetic field is swept, i.e.. if the applied magnetic field is changed from a given strength to a different 
40 strength (including a change in polarity of the magnetic field), then the direction of polarization of the magnetic field can 
be rotated. By doing so. the same effect can be obtained as if the analyzer is rotated. Specifically unlike in the prior art 
in which the displacement of the extinction point with the rotation of the analyzer is directly read from the angle of tiie 
analyzer, the method of measuring the angle of rotation according to the present invention is such that the displacement 
of the extinction point with the magnetic field swept is read by a current value, for example, which is converted into a 
45 magnetic f iekj and further into an angle, thereby measuring tiie angle of rotation of the specimen. This is sut>stantiaiiy 
the same as if a magnetic field is detected in wNch the angle of rotation generated by an optically active substance of 
a specimen coincides with the rotational angle of the direction of polarization due to the optical Faraday effect caused 
by an applicatbn of the magnetic field. 

Sweeping of the magnetic field is not necessarily limited to a continuous change of strength but includes a discrete 
so change thereof. In view of the fact that a change in tiie characteristic of an output signal of a light sensor witii the rota- 
tion of the direction of polarization is generally known, the angle of rotation can be calculated by measurements taken 
at two or more points and interpolation or extrapolation from the measurements. Specifically, the angle of rotation of a 
specimen can be calculated from the output signals of the light sensor for at least two different magnetic fields. In such 
a case, the measurement time can be shortened. 



Brief Description of Drawings 

Fig. 1 is a schematic diagram showing a configuration of a pdarimeter used in an emtxxliment of the present inven- 



55 



tion. 
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Fig. 2 is a characteristic diagram showing the relation between a glucose concentration of an aqueous solution of 
glucose or urine with glucose dissolved therein and an angle of rotation obtained by a measurement using the same 
potarimeter. 

Fig. 3 is a schematic diagram showing a configuration of a polarimeter used in another embodiment of the present 
5 invention. 

Fig. 4 Is a characteristic diagram showing the relation between a glucose concentration of glucose aqueous solu- 
tion or an albumin concentration of an albumin aqueous solution and the angle of rotation for the light having a wave- 
length of 830 nm otrtained by a measurement using the same polarimeter. 

Rg. 5 is a characteristic diagram showing a relation between concentrations of the same aqueous solutions and 
10 angles of rotation for a light having a wavelength of 589 nm. 

Fig. 6 is a schematic diagram showing a configuration of a scattered light amount measuring instrument used in 
another embodiment of the present invention. 

Rg. 7 is a characteristic diagram showing a relation between a concentration of an albumin aqueous solution and 
a scattered light amount obtained by using the same measuring instrument. 
15 Rg. 8 is a characteristic diagram showing a relation between a wavelength of the incident light and an irrtensity of 
a light transmitted through the urine. 

Rg. 9 is a schematic diagram showing a configuration of a polarimeter used in another embodiment of the inven- 
tion. 

Rg. 10 is a characteristic diagram showing a relation t>etween the amount of the current flowing in a solenoid coil 
20 and an output signal of the light sensor obtained by using the same polarimeter. 

Rg. 1 1 is a characteristic diagram showing a relation between a concentration of an aqueous solution of cane 
sugar and the output signal of the light sensor obtained by using the same polarimeter. 

Rg. 12 is a schematic diagram showing a configuration of a polarimeter according to still another embodiment of 
the present inverrtion. 

25 Rg. 1 3 ts a characteristic diagram showing a relation between a current amount J supplied to the solenoid coil and 
an output signal of a lock-in amplifier obtained by using the same polarimeter. 

Rg. 14 is a characteristic diagram showing a relation between a concerttration of an aqueous solution of cane 
sugar and an output signal of the light sensor obtained by using the polarimeter 

Rg. 15 is a characteristic diagram showing a relation between a glucose concentration of a glucose aqueous solu- 
30 Won or a urine with glucose dissolved therein and an angle of rotation obtained by a measurement using the polarimeter. 
Rg. 16 is a schematic diagram showing a configuration of a polarimeter according to still further errtjodiment of the 
present invention. 

Rg. 17 is a schematic diagram showing a configuration of a polarimeter according to yet still further emlxxliment 
of the present inverition. 

35 Rg. 18 is a schematic diagram showing a configuration of a polarimeter according to a further embodiment of tiie 
present invention. 

Rg. 19 is a characteristic diagram showing the relation between a standardized variable X and a concentration of 
an aqueous solution of glucose obtained by using the polarimeter. 

Rg. 20 is a schematic diagram showing a conventional polarimeter. 
40 Rg. 21 is a characteristic diagram showing a relation between a rotational angle e and a detected lighit intensity 
based on the principle of measurement of the polarimeter. 

Rg. 22 ts a schematic diagram showing arxTther polarimeter. 

Rg. 23 is a characteristic diagram showing the relation between the rotational angle e and tine detected light inten- 
sity based on the principle of measurement of tiie polarimeter. 

45 

Best Mode for Carrying Out the Invention 

Preferred enr^bodiments of the invention will be described below in detail. 
50 { <Embodiment 1 > > 

A first embodiment will be explained in detail below. 

Rg. 1 is a diagram showing a configuration of a polarimeter used in the present emlx)diment. The basic principle 
of this polarimeter is tfie optical zero-order method based on tiie vibration of tiie plane of polarization using tiie Faraday 
55 effect 

A low-pressure 180 W sodium lamp 1 emits a parallel light. A band-pass filter 2 transmits only the components hav- 
ing a wavelength of 589.0 nm of tfie light emitted from the sodium lamp 1 . A polarizer 3 passes specific component of 
the polarized light from tiie Iwidpass filter 2 which have a plane of vibration parallel to the page, for example. A modu- 
lated signal current input from a Faraday cell driver 5 causes tiie Faraday cell 4 to modulate the direction of polarization 
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of the transmitted light by a very small width due to the optical Faraday effect The sutstantial length of the light path of 
a sample cell 6 for containing the urine is 10 cm. A rotary analyzer 7, like the polarizer 3, passes only specific polarized 
component of the light transmitted through the sample cell 6. but can be set at an art)itrary angle by an analyzer driver 
8. A light sensor 9 detects the light transmitted through the rotary analyzer 7 and outputs a signal based on the intensity 

, rtf the light thus detected. A lock-in arraDlrfler 10 subjects the oirtpirt of the light sensor 9 to phase sensitive detection 
with the modulated signal applied to the Faraday cell 4 as a reference signal A computer 1 1 applies to the analyzer 
driver 8 an instruction for continuously rotating the rotary analyzer 7 while recording the output of the lock-in amplifier 
10. As a result, the angle of the rotary analyzer 7 at which the output of the kKk-in amplifier 10 becomes zero is found 
to calculate the angle of rotation. With the above-mentioned configuration, the accuracy of about 10'^ Is achieved. 

10 The urine was analyzed as described below using this polarimeter. 

First in order to confirm the performance of the polartmet^, an analytical curve was plotted as descrbed below. 
Pure water was placed into a sample cell 6, and the angle of the rotary analyzer 7 was measured at which the output 
of the lock-in amplifier 10 becomes zero. At this time, the polarizer 3 and the rotary analyzer 7 are in the orthogonal 
nicol state. With this angle as a reference and with the pure water as a solvent, the angle of rotation was measured of 

15 glucose aqueous solutions prescrft^ed with concentrations of 20, 100, 200, 300 and 500 mg/dl, respectively. The result 
is shown by white circles in Rg. 2. This Indicate tiiat the ^ucose concentration can be measured. 

Then, the angle of rotation was measured of the urine determined to have a glucose concentration of 50 mg/dl or 
less and an albumin concentration of 10 mg/dl or less by the urinalysis made In advance using the test paper. Further, 
with this urine as a solvent glucose solutions having concentrations of 20. 100. 200. 300 and 500 mg/dl. respectively. 

20 In other words, artificial glycosuria were prepared, and the angle of rotation of these were measured. The result is 
shown by black cirdes in Rg. 2. The angle of rotation of these artificially-prepared glycosuria is represented by a 
straight line translated in parallel from the analytical curve by 1.5 x 10'^ degrees and accurately reflects the glucose 
concentrations. 

The angle of rotation of the urine Hself was 1.5 x 10'^ degrees. This, combined with the range of albumin concen- 
25 tration obtained in advance by urinalysis, can decide from equation (1 0) the glucose concentration C as 

30 mg/dl ^ C ^ 42 mg/dl 

This coincides with the result of analysis obtained beforehand. 
30 Further, the angle of rotation was measured similarly of the urine determined by an urinalysis apparatus to have a 
glucose concentration of 30 mg/dl or nnore and a normal albumin concentration, i.e., 10 mg/dl or less. As a result this 
urine exhibited the angle of rotation of 2.2 x 10 '* degrees. This, combined with the range of albumin concentration 
obtained in advance by the urinalysis apparatus, shows that the glucose concentration C is 

35 440 mg/dl ^ C :5 452 mg/dl 

This also coincides with tiie result of analysis obtained in advance. 

In this way. for the urine having a normal albumin concentration, an abnormal glucose concentration of the urine 
(urine glucose level) can be accurately detected by measuririg the angle of rotation. For example, tiie glucose concen- 
40 tration of 300 mg/dl or more can be determined with an error of about 12 mg/dl. 

As described atxive. according to this emtxxtiment. the urine glucose level can be examined without using any sup- 
plies such as test paper, thereby greatiy contritxjting to practical effects. 

< (Embodiment 2 >> 

45 

Explanation will be made about a method of analyzing the urine containing both glucose and albumin in an amount 
not negligible. 

According to this embodiment, a polarimeter shown in Fig. 3 was used together with the polarimeter shown in the 
first embodiment. This polarimeter, like the polarimeter of the first embodiment, operates on the basic principle of the 

so optical zero-order method based on the vibration of the plane of polarization using the Faraday effect. Numerals 3 to 1 1 
designate the same components as the corresponding ones used in the first embodiment- But, a semiconductor laser 
light source 12 was used in place of the sodium lamp. The semiconductor laser light source 12 projects a parallel light 
of 5 mW having an emission wavelength of 830 nm. This polarimeter operates in the same manner as the correspond- 
ing one of the first embodiment and achieved the accuracy of about 10'^ degrees. 

55 First in order to confirm performance of this polarimeter. an analytical curve was prepared. With pure water placed 
in a cell, the angle of the rotary analyzer 7 was measured at which the output of the lock-in amplifier 10 becomes zero. 
On the other hand, glucose aqueous solutions having concentrations of 20. 100, 200, 300 and 500 mg/dl. respectively, 
and altxjmin aqueous solutions having concentrations of 20. 50 and 100 mg/dl, respectively, were prepared. With tiie 
angle of the analyzer for the pure water as a reference, the angle of rotation of these aqueous solutions were measured. 
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The result is shown in Fig. 4. This Indicates that the angle of rotation thus measured can be approximated linearly with 
respect to the concentration of glucose or albumin. In other words, it was confirmed that the concentration is possible 
to measure. 

Then, the same specimens were measured by a pdarimeter using a light source having a wavelength of 589 nm 
5 as In the first embodiment. The result is shown in Rg. 5. 

Equation (9) and the specific angles of rotation In Table 1 give simultaneous equations shown in equations (14) arxl 
(15). Let the glucose and albumin concentrations be and C2 [kg/dl], respectively: 

A589 =0.1 x(50Ci.60C2) , (14) 

10 

A830 =0,1 X (25Ci -IOC2) (15) 

where 

angle of rotation [degrees] for the light having a wavelength of 589 nm. and 
As3o: angle of rotation (degrees] for the light 830 nm in wavelength. Measurement of A589 and A330 makes possible 
calculation of two unknown figures arxJ C2 from equations (14) and (15), respectively. 

In fact, an aqueous solution containing 100 mg albumin arxJ 300 mg glucose per dl was prepared and the angle of 
20 rotation of this aqueous solution was measured in the same manner. The result was 

Aggg = 9.0 X 10'^ [degrees] 

Ag3(j = 6.5 X 10 '^ [degrees] 

25 

The sirrajltaneous equations (14) and (15) were solved using this result, and it was confirmed that the result coincides 
with the loading ratio between albumin and glucose. 

In similar fashion, the angle of rotation was measured of the urine which had been decided to have a glucose con- 
centration of 50 mg/dl or less and an albumin concentration of 1 GO mgAil or more as a result of the conventional urinal- 
30 ysis using the test paper. The measurement shows that the angle of rotation A589 for the wavelength of 589 nm and tiie 
angle of rotation Agao for the wavelength of 830 nm were 

Aggg = -6 X 10"^ [degrees] 

35 A330 = -5 X 10 [degrees] 

Equations (1 4) and (15) were solved using tiiis result thereby to obtain a glucose concentration of 30 mg/dl and an albu- 
min concentration of 125 mg/dl. This cdncides with the result of the conventional urinalysis. 

Also, the angle of rotation was measured of the urine which had been decided to have a glucose concentration of 
40 300 mg/dl or more and an albumin concentration of 100 mg/dl or more. As a result, the angles of rotation A589 and Aqqq 
were determined as 

^589 = 1 X 10'^ [degrees] 
Ag3Q = 8 X 10'^ [degrees] 

Equations (14) and (15) were solved using tiiis result thereby to obtain a glucose concerrtration of 380 mg/dl and an 
albumin concentration of 150 mg/dl. This coincides with the result of the conventional urinalysis. 

As described above, according to tiiis embodiment, in the case where both glucose and albumin exist in the urine 
so to an extent not negligible, the urine glucose level and the albumin concerrtration thereof can be examined without using 
any supplies such as the test paper by determining the angles of rotation using a plurality of light having different wave- 
lengths. 

< (Emtxxiiment 3 > > 

55 

In this emkxxliment, a method will be explained for examining the albumin concentration in the urine and a bloody 
urine by the light scattering action. 

A urinalysis apparatus according to this embodiment will be explained below with reference to Fig. 6. A helium neon 
laser 13 is adapted to project parallel light 5 mW in output having a wavelength of 633 nm onto a sample cell 14 con- 
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taining the urine. The sample cell 14 has a substantial light path length of 10 cm and a width of 1 cm. Since the sample 
cell 14 has the two transparent sides, a scattered light in direction perpendicular to the light path can pass outward of 
the sanple cell 14. A light sensor 15 is arranged with the angle of visibility thereof coinciding with the sample cell 14 
and capable of detecting the scattered components of the laser light propagating in the urine. 

5 Albumin aqueous soiuuons of 20, 50 and 100 nr.g/dl in conc&ntraticn. rsspsctivGly. were prepared, and the scat- 

tered light amount of these solutions and pure water were measured. The result is shown in Fig. 7. In this way, a positive 
correlation was confirmed between the albumin concentration and the scattered light amount. 

Then, the scattered light amount was measured of the urine that had been decided to have a glucose concentration 
of 50 mg/dl or less and an albumin concentration of 10 mg/dl or less by the analysis using the t^ paper, but the scat- 

10 tered light could not be detected. A measurement of the urine that had been decided to have a glucose concentration 
of 300 mg/dl or more arKi an allxjmin concentration of 10 mg/dl or more by the conventional urinalysis method, on the 
other hand, confirmed the presence of a signal of about 6 on the scale in Fig. 7. Further, a signal of about 6 could also 
be confirmed by another measurement of an urine that had been decided to have a glucose concentration of 50 mg/dl 
or less and an albumin concentration of 100 mg/dl or more by the conventional urinalysis method In the process, the 

15 scattered light amount was measured on an arbitrary scale. 

As described above, the altjumin concentration can be determined by measuring the amount of the scattered com- 
ponents of the light propagating in the urine. In this way. scattering of the light due to conparatively large particles such 
as albumin or blood is sufficiently large as conpared with the scattering of the tight due to glucose or other organic or 
inorganic substances in the urine. In other words, scattering of the light propagating in the urine due to alt>umin and 

20 biood is controlling. Consequently, it is possible to determine the albunnin concentration or the blood concentration in 
the urine by irradiating light into the urine and observing the annount of scattered light. 

As explained above, according to this embodiment, the presence of large particles such as alt>umin and blood can 
be examined without using any supplies like the test paper, thereby greatly contributing to practical effects. 

25 <<Emtxxliment4)> 



In this enrixxliment a method of urinalysis will be explained in which both an angle of rotation and an amount of 
scattered light propagating in urine are measured at the same time. This examination method is effective especially in 
the case where the amounts of glucose and albumin existing in urine are both not negligible. Also, according to this 
30 embodiment, unlike in tiie third embodiment, the scattered light amount is observed in terms of tfie decrease in the 
transmitted light annount 

In this embodiment the polarimeter shown in Rg. 3 and explained in the second embodiment is used as it is. The 
principle of measuring tiie angle of rotation is similar to that for tiie second enrdDodiment. 

Now, a method of measuring the transmitted light amount, i.e. a method of substantially measuring the scattered 
35 light amount will be explained. 

While rotating a rotary analyzer 7 is continuously, an output of a lock-in amplifier 10 is recorded. Then, the output 
change of the lock-in amplifier 10 for each predetermined rotational angle of the rotary analyzer 7 can be detected. This 
output change amount corresponds to tine transmitted tight annount. This output change amount is standardized by the 
measurement value obtained for pure water thereby to determine the scattered light anrrount in urine. 
40 This method can determine tiie angle of rotation and tine scattered light annount at the same time in a single meas- 
urement process. arxJ it is tinus possible to determine the concentration of a light-scattering substance such as albumin. 
In other words, the range of concentration of altxjmin and the like required in advance in the first emtDodiment can be 
grasped, and tinerefore the glucose concentration can also t>e determined. 

As described above, according to this embodiment, the glucose concentration and the albumin concentration in the 
45 urine can be examined at the same time with a simple configuration and a single measurement, thereby greatiy contrib- 
uting to practical effects. 

Anotiner metinod available for measuring tine amount of the scattered light is to temporarily fix tine rotary analyzer 7 
at a predetermined angle and to determine the amount from an associated output value of tine lock-in amplifier 10. 

A simitar effect can of course be obtained by directly detecting the scattered light from tine side of the sample cell 
so 6 as in the tinird emtxxliment. 

As described above, according to this invention, it is possible to provide a urinalysis method which is easy to nnain- 
tain and manage without using any supplies such as the test paper. The angle of rotation increases, however, with the 
decrease in the wavelength of the measured light due to the optically rotatory dispersion until the appearance of an 
abnormal dispersion. Consequently, alttiough the light of a shorter wavelength can be used more advantageously for 
55 high accuracy measurement, the light having a wavelength of atx>ut 500 nm or more is more desirable for urinalysis. 
This is by reason of the fact that as obvious from Fig. 8 showing tine spectral characteristic of normal urine, the light hav- 
ing a wavelength shorter than 500 nm is absorbed increasingly by urochrome (a yellow component contained in the 
urine), sometimes deteriorating the measurement accuracy. For similar reason, the desirable wavelength of the light 
used for measuring the scattered light amount is 500 nm or more due to the absorption of urochrome. 
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The embodiments described above concern a method of determining the glucose concentration and the albumin 
concentration in urine by projecting monochromatic light on the urine and determining the angle of rotation of the urine 
or the'amount of the light scattered in the urine. The polarimeters used for the urinalysis, however, have the problem of 
a low reliability and a high cost asdescnbed above. In view of this, detafled description will be made below atxxjt a pola- 
rimeter higher in reliability and lower in cost than the conventional polarimeters and the urinalysis apparatus using such 
a polarimeter. 

( (Embodiment 5>> 

A configuration of a polarimeter according to this embodiment is shown in Fig. 9. A light source 21 configured of a 
180 W low-pressure sodium lamp, a bandpass filter, a lens, a slit etc. for projecting substantially parallel light is adapted 
to project a sodium D ray having a wavelength of 589.0 nm. Of all the light rays projected from the light source 21, a 
polarizer 22 allows only the component in a specific direction having a plane of vibration parallel to the transmission axis 
to pass therethrough. A specimen is held in a cylindrical sample cell 23 of glass. The sanple cell 23 is arranged in such 
a position that the substantially parallel light projected from the light source 21 and polarized by being passed through 
the polarizer 22 enters and passes along the direction of the central axis thereof. The substantial light path length of this 
sample cell 23 is 300 mm. 

A solenoid coil 24 wound around the sample cell 23 appfies a magn^ic field substantially uniformly to the sample 
cell 23 and the specimen held therein in the direction of propagation of the light by the current from the cun-ent source 
25. Specifically, a cun-ent of 1 A applied to the sol^oid coil 24 causes a magnetic field H of 5 x 10^ A/m. The current 
source 25 can supply a current of -5 A to 5 A to tiie solenoid coil 24. The analyzer 26 is an^anged in such a position as 
to transmit only those components of the light transmitted through the sample cell 23 which are polarized in the direction 
perpendicular to the page, in other words in orthogonal nicol state with tine polarizer 22. A light sensor 27 detects ihe 
light transmitted through the analyzer 26. A computer 28 issues a command signal to the current source 25 to record 
and analyze on output signal of the light sensor 27. 

The operation of this polarimeter will be explained. The computer 28 issues a command signal to the current source 
25 so that the current flowing in the solenoid coil 24 is swept from -5 A to 5 A. The output signal of the light sensor 27 
produced in the process is shown in Fig. 10. In Rg. 10. the abscissa represents a cunrent J flowing in the solenoid coil 
24, and the ordinate represents an output signal (arbitrary value) of the light sensor 27. 

The sofid line is associated with the case in which tiie pure water exhibiting no optical rotatory power is measured 
as a specimen. In this case, since tine relative angle between a transmission axis of the polarizer 22 and a transmission 
axis of tiie analyzer 26 is an extinction point appears, when J = 0. I.e.. when the n^gnetic field is not applied to the 
pure water constituting ttie specimen and there occurs no rotation of the direction of polarization of the light which oth- 
enftrise might be caused by the optical Faraday effect When J is changed, the output signal of ttie light sensor 27 
changes according to equation (13) in a manner similar to the case where the analyzer is rotated in the conventional 
polarimeter. In the polarimeter in this emkxxliment, however, J corresponds to p in equation (4). 

The dotted line in the drawing shows a cane sugar aqueous solution of 20**C in temperature and 500 mg/dl in con- 
centration as a specimen. In this case, the extinction point appears at J = 2.4 A. Specifically, the curve is obtained by 
translating tie curve indicated by the solid line in the drawing horizontally along the abscissa by +2.4 A. This 2.4 A dis- 
placement of the extinction point is caused by tiie angle of rotation of the specimen. This polarimeter determines the 
angle of rotation of the specimen from the magnitude of this displacement. 

The function of the polarimeter according to this embodiment was quantitatively confirmed using tiie aqueous solu- 
tion of cane sugar. The angle of rotation a and the ^edfic angle of rotation [a] are given as follows: 

a = [a]/10000 x L x C (16) 

where 

L: distance of propagation = light path length of sample cell [m], and 
C: concentration of aqueous solution [mg/dl]. 

The specific angle of rotation [a] of cane sugar for the light having a wavelength of 589 nm is 66.5 degrees for tiie 
aqueous solution at 20**C. Therefore, the angle of rotation a tor this cane sugar aqueous solution when L = 0.3 and C 
= 500 is a N 1 degree from equation (16). 

Then, the rotational angle a of the direction of polarization due to the cptical Faraday effect is calculated from equa- 
tion (13) In the manner mentioned t>elow. 

Rom the characteristics of the solenoid coil 24, ttie magnetic field H is given as 1 .2 x 1 0'^ AAn when J = 2.4 A. This 
and Verdet's constant V of water shown in Table 2 are substituted into equation (13) to give 
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a = 1.645 X 10"^ X 1.2 X 10^ X 0.3 
= 59.22 [minutes] ^ 1** 

This confirms that the angle of rotation of the specimen coincides with the rotational angle due to the optical Fara- 

Further, using this polarimeter. the angle of rotation was measured of the cane sugar aqueous solution having the 
concentrations of 250, 750 and 1000 mg/dl, respectively, at the temperature of 20°C. The result is shown in Fig. 1 1 . In 
the figure, the abscissa represents the cane sugar concentration, and the ordinate represents the current J when an 
extinction point appears. This is indicative of the fact that the output signal of the light sensor can be approximated lin- 

10 early with respect to the cane sugar concentration. 

The conventional polarimeter measures the displacement of an extinction point, i.e.. the angle of rotation of a spec- 
imen by rotating an analyzer and reading the angle of the analyzer directly. In the polarimeter according to the present 
enntxxjiment, on the other harxj, as described above, a magnetic field is applied to the specimen with being swept and 
the displacement of the extinction point Is read in terms of current. This current value is converted into a magnetic field 

15 intensity and further into an angle thereby to calculate the angle of rotation of the specimen. 

As described atxive, according to this embodiment, a magnetic field is applied to the specimen and swept, thereby 
eliminating the need of means for rotating the analyzer. Consequently, it Is possitDle to realize a reliable, compact and 
Inexpensive polarimeter of a very high practical value. In sweeping the magnetic field, the intensity is not necessarily 
changed continuously but can be changed discretely Since the characteristic of the output signal of the light sensor 

20 changing with the rotation of the direction of polarization is known as shown In equation (2), the angle of rotation can 
be calculated by measuring the magnetic field intensity at least two points and by Interpolation or extrapolation of the 
measurements. This process is especially effective for shortening the measurement time. 

< (Embodiment 6>) 

25 

The polarimeter according to this embodiment will be explained with reference to Fig. 12. A light source 31 similar 
to the one used in the fifth embodlmertt projects the sodium D ray having a wavelength In 589.0 mm. A polarizer 32 
allows only the polarized light component in a specified direction, for exannple, only those polarized light components 
that are parallel to tfie page to transmit. A cylindrical sanple cell 33 for holding the specimen is made of glass and has 

30 a substantial light path length of 50 mm. 

The analyzer 36 is arranged in such an orthogonal nicd state with the polarizer 32 that only the polarized light com- 
ponents perpendicular to the page are transmitted. A light sensor 37 detects the light transmitted tiirough the analyzer 
36. A computer 38 Issues a command signal to a cun-ent sou-ce 35, while recording and analyzing tiie output signal of 
the light sensor 37. Also, the computer 38 issues a command signal to the current source 35 and causes the current 

35 flowing in the solenod coil 34 to be swept up from -5 A to 5 A. The solenoid coil 34 has a structure substantially similar 
to the one used in the fifth embodiment and applies a magnetic field H of 5 x 10^ A/m to the sample cell 33 with a cur- 
rent of 1 A. A signal generator 39 supplies a vibration-modulated signal to the cun^ent source 35. The current source 35 
converts the vferation-modulated signal into a vibration-modulated current signal, artd superimposes it on the sweeping 
current commanded by the computer 38, then the resulting cun-ent obtained is applied to the solenoid coil 34. In this 

40 polarimeter, the 1.3 kHz modulated signal is converted into a vibration-modulated current signal having an amplitude of 
0.02 A, which is supplied to the solenoid coll 34. The lock-in anplifier 40 phase-sensitively detects the output signal of 
the light sensor 37 with reference to the vibration- modulated signal of the signal generator 39. The output signal of the 
lock-in amplifier 40 corresponds to the angular frequency conponent a> of the output signal of the light sensor 37 in 
equation (6), i.e., S shown in equation (7). The extinction point, therefore, corresporxJs to the time when the value S 

45 becomes zero. 

The operation of the polarimeter will be explained with reference to Fig. 13. The connputer 38 issues a command 
signal to the currerrt source 35, and the cunrent flowing in the solenoid coil 34 is swept from -1 .5 to 1 .5 A. The resulting 
output signal of the lock-in amplifier 40 is shown. In the drawing, the abscissa represents the current J flowing in the 
solenoid coil 34, and the ordinate the output signal (arbitrary value] of the lock-in amplifier 40. 

so In the diagram, the solid line represents the measuremerrt of pure water having no optically rotatory power. The dot- 
ted line, on the other hand, indicates the measurement of the cane sugar aqueous solution having a concentration of 
250 mg/dl at 20''C in temperature as a specimen. An extinction point appears when J = 1 .21 A. In other words, a new 
straight line is obtained by translating the solid line by tiie length of + 1.21 A in parallel. This is quantitatively confirmed 
in a similar manner to the fcftii embodiment. 

55 The angle of rotation a due to cane sugar is given from equation (9) as 

a = (a]/10000 x 0.05 x 250 = 0.0831 [degrees] 
The rotational angle a of the direction of polarization due to the optical Faraday effect can be calculated from equa- 
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tion (13) as follows. 

From the characteristics of the solenoid coil 4*. the magnetic field H is given as 6.05 x 10^ A/m when J = 1.21 A. 
This combines with Verdefs constant V of water shown in Table 1 to give 

5 a = 1.645 X 10"^ X 6.05 x lo'* x 0.05 = 4.976 [minutes] = 0.083 [degrees] 

From this, it is confirmed that the angle of rotation of the specimen coincides with the rotational angle due to the 
optical Faraday effect 

Further, the angle of rotation of cane sugar aqueous solutions having the concentrations of 50, 100, 150 and 250 
10 mg. respectively, was measured at the temperature of 20*'C using this polarimet^. The result is shown in Fig. 14. This 
also sut^stantiates the linearity. 

With the conventional polarimeter, the analyzer is rotated, and the angle of tiie analyzer is directfy read when the 
output signal of the lock-in amplifier, i.e.. the value S assumes zero. In the polarimeter according to this emtKxJiment, 
on the other hand, the magnetic field is swept i.e.. the cun-ent is swept and the current value is read when the output 
75 signal S of tiie lock-in amplifier 40 becomes zero, and is further converted into the angle thereby to measure the angle 
of rotation of the specimen. 

According to this embodiment, an extinction point exists in the sweeping range of the magnetic field. However, 
since the output signal S of the lock-^n amplifier 40 changes linearly witfi respect to the magnetic field, i.e., the current 
J as shown in Fig. 13 and equation (7). even in the absence of an extinction point within tiie sweeping range, the angle 

20 Of rotation can be calculated by extrapolation. Also, since the relation between J and S is linear, continuous sweeping 
is not necessarily required, and the angle of rotation can be calculated by interpolation or extrapolation from measure- 
ments at two or nrxjre points in the magnetic field. This enables to shorten a measurement time. 

Now, explanation will be made about tfie case in which the surface of the sample cell through which light is to be 
transmitted is contaminated after repetitive operations over a long time. If this contamination is caused by an optically 

25 inactive substance, rt follows tiiat T in equation (1) is substantially reduced. As a result, tiie position of tfie extinction 
point becomes ambiguous for a deteriorated measurement accuracy In this case, the rate of change of I witii respect 
to e in equation (2) and the inclination of S witin respect to p in equation (7) are reduced. Therefore, the amount of con- 
tamination can be detected from these amounts of reduction determined by measuring a reference specimen with a 
known T When this amount of contamination exceeds a specified value, an instiuction to clean or replace the sample 

30 cell can be given. In such a case, the reference ^Decimen is not always necessary, but the contamination can be 
detected from ttie measurement of a specimen with a known minimum value of T. 

In the case where the contamination is caused by an optically active substance, on the other hand. I in equation (2) 
and S in equation (7) are translated in parallel in the direction of e and p, respectively As a result, tfie position of an 
extinction point i.e.. the angle of rotation measured is also displaced by the amount of particular ti^nslation. This 

35 amount of translation represents an angle of rotation due to tiie contaminating substance and can be simply added to 
tiie angle of rotation due to the specimen. Therefore, a reference specimen with a known angle of rotation is measured 
and the difference between this measurement and tiie known angle of rotation is calculated, so that the measurement 
of the specimen is corrected by tiie difference. As a result, tiie en-or caused by the contamination substance can be 
conpensated for. 

40 As described above, by measuring a reference specimen witii a known angle of rotation, the en-or due to the con- 
tamination of ihe sample cell can be compensated. As a result, ttie time lengtii before cleaning or replacing tiie sanple 
cell after a long time of repetitive uses can be lengthened considerably until the ti-ansmittance of the plane of transmis- 
sion is reduced to a specified value, thus facilitating maintenance and management. Especially in the case where tiie 
apparatijs is used as a home urine analyzer, tiie maintenance and management ease greatiy conti-ibutes to the exten- 
ds sion of its application. 

A sample cell left witiiout being cleaned long time and having ttie plane of transmission contaminated was actually 
injected with pure water as a specimen, and ttie angle of rotation of tfiis pure water was measured. In the process, an 
extinction point was presented at J = 0.02 A. As a resuH. the angle of rotation d due to tiie substance contaminating ttie 
plane of ti-ansmission of the sample cell is given from equation (13) and Table 2 as 

so 

d = 1.645 X 10 "^ X 10^ X 0.05 ^ 0.082 [minutes] % 1.4 x 10 "^ [degrees] 

As described above, ttie en-or of measurement with a contaminated sample is comparatively small as compared wrtti 
the angle of rotation exhibited by the specimen. Also, in ttie case of using such a sanple cell, con-ection is made by 
55 subti-acting d from tine measurement. In ttie case where tiie same sample cell is used repetitively over a long time, 
therefore, a reference specimen witti a known angle of rotation, or especially, water exhibiting no optically rotatory 
power is measured, and the resulting measurement is used to correct ttie measurement of ttie specimen thereby mak- 
ing pc^We highly accurate measurement. This operation can extend ttie length of time before anottier cleaning or 
replacing of the sample cell until the tiansmittance of the plane of transmission is reduced to a specified value. 
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Since the function of an optical Faraday modulator obtained by application of a magnetic field to the sample ceil as 
described above eliminates the rotating means as in the fifth embodiment a compact, inexpensive and highly accurate 
polarimeter can be realized with a simple conftguration. 

Also, the polarimeter according to this embodiment permits measurement with a higher accuracy than that of the 

5 fifth 6rr^?odim6nt. ?ind ^erefore measurement of the angle of ro^tion of a solution **fith a low concentration is also pos- 
sible. Further, the iad that the light path length can be shortened contributes to a smaller size of the apparatus. 

Then, the urine was analyzed using this polarimeter as described below. This examirtation used a sample cell hav- 
ing a substantial light path length L of 1 00 mm. Rrst in order to confirm the performance of this polarimeter against glu- 
cose, an analytical curve was prepared. Pure water at 20X was prepared together with glucose^aqueous solutions 20, 

10 100. 200. 300 and 500 mg/dl in concentration with the pure water as a solvent, then the angle of rotation was measured 
using these as spedmens. The result is shown by white drcles in Fig. 19. The aljscissa represents the glucose concen- 
tration and the ordinate represents the angle of rotation as converted from the current flowing in the solenoid coil 34. 
The result coincides with that obtained using the specific angle of rotation [a] = 50 degrees of the 589 nm light for the 
20''C glucose aqueous solution and equation (16). 

15 Then, the angle of rotation was measured of the urine which had been determined to have a glucose concentration 
of not more than 50 mg/dl and a concentration of albumin which is urine protein of not more than 10 mg/dl. Further, with 
this urine as a solvent, glucose solutions, l.e., artificial glycosuria 20. 100, 200. 300 and 500 mg/dl in concentration were 
prepared. Then, the angle of rotation of these artificial glycosuria was measured. The result is shown by black circles 
In Rg. 19. The angle of rotation of these artificial glycosuria (black circles) is represented by a straight line translated 

20 by 1 .5 X 1 0'^ degrees from the analytical line and accurately reflects the glucose concentrations. 

The angle of rotation of this urine was 1.5x10'^ degrees. This is the result of simple addition of the angles of rota- 
tion due to the glucose and albumin existing in the urine. The specific angle of rotation [a] of albumin in an aqueous 
solution at 20^*0 for the 589 nm light is -60 degrees, which is combined with equation (9) to calculate the range of the i 
angle of rotation A1 of tiiis urine due to the albumin as follows. 

25 

-60/10000 X 0.1 X 10 = -6 X 10'^ degrees ^ A1 ^ 0 

From this relation, the range of the angle of rotation G1 due to glucose Is calculated as shown below. ] 

30 1.5 X 10'^ degrees ^ G1 ^ 2.1 x 10'^ degrees 

Further, from this value G1 , the range of the glucose concentration Cg can be calculated from equation (9) in the 
manner shown below. 

35 30 mg/dl ^ Cg ^ 42 mg/dl 

This coincides with the result of the analysis made beforehand. 

In similar fashion, the angle of rotation was measured of tiie urine which had been decided to have a glucose con- 
centration of 300 mg/dl or more and an albumin corx:entration of 1 0 mg/dl or less by the urinalysis using tiie test paper. 
40 The result was that the angle of rotation of this urine was 2.2 x 10"^ degrees with tiie glucose concentration Cg deter- 
mined to be in the range described below. 

440 mg/dl ^ Cg ^ 452 mg/dl 

45 This also coincides with the analysis made in advance. 

In examining the urine having a normal albumin concentration of about 10 mg/dl or less, assume that an abnormal 
value of the urine glucose level is set to 300 mg/dl or more and that an abnormality is decided when the angle of rotation 
is not less than 1 .5 x 10'^ degrees. Then, it follows that an error of only about 1 2 mg/dl develops. 

As described above, the angle of rotation of urine can be measured to determine the concentration of glucose, pro- 

50 tein. etc. in the urine simply by placing the urine in the sample cell of the polarimeter and applying a magnetic field to 
It. As a result, the polarimeter requires no supplies and Is easy to maintain and manage and high in reliability, thus real- 
izing a compact and Inexpensive urinalysis apparatus. 

When this polarimeter is used as a urinalysis apparatus, even in the case where the sample cell is contaminated 
by the routine urinalysis, the use of the polarimeter under consideration with the urinalysis apparatus makes it Is possi- 

55 ble to maintain a high measurement accuracy by measuring a reference specimen with a known angle of rotation and 
correcting the measurement of the specimen involved. As a result of this operation, the time length before cleaning or 
replacing the sample cell can be extended until the transmittance of the plane of transmission is reduced to a specified 
value. Especially when it is used as a home urinalysis apparatus, tiie maintenance and management ease is a great 
factor for promoting the extension of the use thereof the apparatus. 
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Afthough the embodiment described above concerns the examination in which the albumin concentration of the 
urine examined is low as compared with the glucose concentration thereof, the method mentioned above can also apply 
with the same effect to analyzing the albumin concentration of the urine low in which the glucose concentration is low 
as compared with the albumin concentration. 

5 

< (EmtKxJiment 7>> 

A polarimeter according to this enr^xxfiment will be explained with reference to Fig. 16. In Fig. 16, numerals 31 to 
40 designate components similar to the corresponding ones in the sixth embodiment. Nevertheless, the cunrent source 

10 35 converts a modulated signal of 1 .3 kHz into a vibration-nrKxIulated current signal having an amplitude of 0.02 A, and 
supplies it to the solenoid coil 33. afthough the cunrent is not swept Also, the analyzer rotator 41 rotates the analyzer 
36 in response to a command from the computer 38. In this polarimeter, too, the output signal of the lock-in amplifier 40 
similarly corresponds to the angular frequency component o of the output signal of the light sensor 37 in equation (6), 
i.e., S in equation (7). Therefore, an extinction point is presented when this S becomes zero. The computer 38 issues a 

15 command signal to the analyzer rotator 41 thereby to rotate the analyzer 36. When the angle of the analyzer 46 is plot- 
ted ak)ng the abscissa, and the output signal S of the lock-in amplifier 40 is plotted along the ordinate, a straight line 
similar to that in Fig. 13 is obtained. The angle of the analyzer 36 when the output signal S of the lock-in amplifier 40 
becomes zero corre^x)nds to the angle of rotation of the specimen. 

Using this polarimeter, the angle of rotation of cane sugar aqueous solutions having concentrations of 50. 100, 150 

20 and 250 mg/dl, respectively, were measured at 20 *C in temperature as in the fffth embodiment A similar result was 
obtained as in Fig. 14. 

In the corrventional polarimeter. the analyzer is rotated wrtiile vibration-modulating the direction of polarization by 
the optical Faraday modulator, and the angle of the analyzer associated with the time when the output signal of the lock- 
in amplifier, i.e., S is zero is read directiy to measure tiie angle of rotation of the specimen. With the polarimeter accord- 

25 ing to this errtodiment. on the other hand, a magnetic field is applied to ihe specimen and vibration-modulated, tiien. 
the angle of the analyzer associated with a zero output signal S of the lock-in anrplrfier is read directly to measure tiie 
angle of rotation of tiie specimen. Thus tiie emtxxJiment under consideration eliminates tiie optical Faraday modulator, 
thereby making it possitsle to provide a compact, inexpensive polarimeter high in measurement accuracy and reliability. 
Also, the ease of maintenance and management leads to a very great practical effect of the polarimeter. 

30 As in the sixth embodiment, tiie relation between the angle of the analyzer and S can be approximated by a linear 
expression. Therefore, continuous sweep is not necessarily required, but the angle of rotation can be calculated by 
interpolation or extrapolation teased on the measurements at two or more points. 

Since polarimeter according to this embodiment, like tiie polarimeter of the sixth embodiment, can make measure- 
ment with a higher accuracy than the polarimeter of tiie fifth embodiment, the angle of rotation of a solution lower in con- 

35 centration can also be measured. Further, the fact that a sample cell shorter in light path lengtii can be used contributes 
to a reduced size of the apparatus. 

< embodiment 8) > 

40 A polarimeter according to this embocfiment will be explained with reference to Fig. 17. In Rg. 1 7, numerals 31 to 
40 designate tiie same component parts which have the same functions as tiie corresponding ones in the sixth embod- 
iment The current source 35. however, sweeps the current supplied to the solenoid coil 33 in response to a command 
from the computer 38. The optical Faraday nxxjulator 42 vibration-modulates the direction of polarization of tiie light 
witii an amplitude of 1 .4 x 10"^ degrees by a vibration-modulated signal of 1 .3 kHz generated by a signal generator 39. 

4$ The lock-in amplifier 40 phase-sensrtively detects the output signal of the light sensor 37 with reference to tiie vibration- 
modulated signal of the signal generator 39. The output signal of the lock-in amplifier 40 conresponds to the angular fre- 
quency component © of the output signal of the light sensor 37 in equation (6). i.e., S shown in equation (7). Therefore, 
an extinction point develops when the value S becomes zero. 

Now, the operation of this polarimeter will be explained. When the computer 38 issues a command signal to a cur- 

50 rent source, a cunent J flowing in the solenoid coil 4 and the output signal (artafrary value) of the lock-in amplifier 40 
were determined, thereby obtaining exactly tiie same straight line as in Rg. 13. Like in the f iftfi embodiment, therefore, 
it was confirmed that the angle of rotation of the specimen coincides with the rotational angle due to the optical Faraday 
effect. 

After measuring the angle of rotation of cane sugar aqueous solutions 50, 1 00. 1 50 and 250 mg/dl in concentration 
55 at 20*C in temperature, the same result as in Fig. 14 was obtained. This substantiates the linearity. 

According to this ent)odiment, like in the fifth embocfiment. the output signal S of tiie lock-in anplifier is linearly 
approximated by the magnetic field, i.e, the current J, therefore continuous sweep is not necessarily required, but tiie 
angle of rotation can be calculated by interpolation or extrapolation from the measurements at two or more pxjints in tiie 
magnetic field. This also shortens the measurement tin>€. 
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As described above, according to this embodiment, the direction of polarization is vibration-modulated with a 
minute annplrtude by the optical Faraday modulator, a magnetic field is applied to the specimen, and the magnetic field 
is swept thereby eliminating the means of rotating the analyzer, and realizing a compact, inexpensive polarimeter of a 
great practical value high in accuracy and reliability easy to maintain and manage. 

Also, the poiarimeter according to ihis eniuodirnent can rrieasure with a higher accuracy than that cf the fifth 
embodiment, and therefore can measure the angle of rotation of a solution low in concentration. Also, measurement of 
a specimen with a small light path length thus is possible, which is another factor contributing to a compact apparatus. 
Although the optical Faraday modulator is used for modulating the direction of polarization in this emt»odiment. a piezo- 
electric device can be used in place of the optical Faraday modulator for minute vibratory rotation with a similar effect. 

(<Enritxxliment 9)) 



A polarimeter according to this embodiment will be explained with reference to Fig, 18. In the figure, numerals 32 
to 40 designate component parts which are similar and function similarly to the corresponding parts in the sixtii emtxxj- 

75 iment Nevertheless, a semiconductor laser light source 43 is used instead of the sodium light source. The semiconduc- 
tor laser light source 43 projects substantially parallel light having a wavelength of 830 nm and an intensity of 10 mW. 
The current source 35 converts a modulated signal at 1 .3 kHz generated by a signal generator 39 into a vibration-mod- 
ulated signal having an amplitude of 0.02 A, and supplies it to the solenoid coil 44. But the current is not swept unlike 
in the foregoing embodiment The lock-in amplifier 34 operates in what is called 2F-mcde. and phase-sensitively 

20 detects the output signal of the light sensor 37 with reference to a signal having a frequency twice that of tiie modulated 
signal of the signal generator 39. Specifically, tiie lock-in amplifier 34 reti'ieves the 2 x o componertt of equatbn (6). The 
computer 38 standardizes the output signal of the lock-in amplifier 40 by the output signal of the lock-in amplifier 44 and 
thus calculates the angle of rotation of the specimen. The principle of tiiis operation is described below. 

The output signal of the lock-in amplifier 44 corresporxls to S shown in equation (7). Since this value S has a sole 

25 function in the case where p is fixed and the values T. lo and 5 are constant as in tiie present embodiment therefore, 
the angle of rotation a can be uniquely calculated from S. Actually, however. T is varied due to the difference in trans- 
mittance between specimens, the contamination of the transmission wirxJow of the specimen, etc. Also, lo changes with 
fluctuations of the source light Intensity, and therefore, it is impossible to measure the angle of rotation with high accu- 
racy solely from tiie value S. 

30 In view of this, the output signal of the lock-in amplifier 44 is utilized. The output signal S' of the lock-in amplifier 44 
is given as: 

S* = Txl^x6^y2 (17) 
35 Equation (7) is divided by equation (1 7) for standardization, then X shown in equation (1 8) is obtained. 

X = 4/6x(p.a) (18) 

Sirx^e this X does not contains T and Iq, the angle of rotation a can be determined from this relation with high accuracy. 

40 Then, the angle of rotation of glucose aqueous solutions 25. 50. 75 and 100 mg/dl in concentration, respectively, 
were measured at 2^0 in temperature using this polarimeter. The process is described below. 

First pure water is measured as a specimen and the angle of the analyzer 36 Is finely adjusted to reduce X to zero. 
Since the angle of rotation a of pure water is zero. It follows tiiat p is adjusted to zero. The specimen was measured 
under this condition. When the concentration is plotted along the cit)scissa and the absolute value of X is plotted along 

45 the ordinate, as shown in Fig. 19, a straight line is obtained which is proportional to a and passes through zero. This 
indicates that the angle of rotation can be measured accordirtg to this embodiment. The adjustment of p to zero in 
advance is not always necessary since the sole purpose of such an adjustment is to determine the magnitude and sign 
of the angle of rotation of the specimen intuitively as an aid in measurement. 

As described above, according to this embodiment, a magnetic field is applied to the specimen and vibration-mod- 

50 ulated. and the vibration-modulated frequency component of the output signal of the light sensor is standardized to a 
value twice the vibration-modulated frequency thereby realizing a compact and inexpensive polarimeter high in accu- 
racy and reliability for a very high practical effect. 

Also, the polarimeter according to this embodiment, unlike the polarimeter of the fifth embodiment, requires no 
sweeping of the current supplied to the solenoid coil. Consequentiy. the current can be modulated by the source fre- 

55 queru;y by connecting an appropriate resistor in series to the solenoid cdl and connecting the series circuit directly to 
a 100 V commercial AC poyver supply. The current source can thus be realized. Although two lock-in anplifiers are 
needed in this case, since ttie current source can be considerably simplified, a polarimeter lower in cost than that of the 
fifth embodiment may be provided depertding on the cost of the current source arKi tiie lock-in anrplif ier. 

According to this invention, the angle of rotation is measured on the l>asis of the posrtion of the extinction point. 
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however, a specified single point such as the brightest point can thus be determined as a reference since this also fulfill 
the relation of equation (2). In such a case, an optimum point Is set taking the linearity and stability of the light sensor 
and the lock-in amplifier into due consideration. 

5 Industrial Applicabilitv 

The invention can be realized as a glycosometer of an optically active detection type for detecting the concentration 
of aqueous solutions of fruit sugar, cane sugar, glucose, etc. Also, the use of the apparatus for urinalysis, especially for 
examining the concentration of optically active substances like glucose or protein in urine, is expected to extend widely 
10 due to its high reliability, compactness, low cost and other features of high practical value as well as the elimination of 
the test paper. 

According to this invention, a method of urinalysis is provided which is easy to maintain and manage without using 
supplies such as the test paper. 

15 Claims 

1 . A method of urinalysis in which a concentration of an optically active substance in urine is determined by measur- 
ing an angle of rotation of said urine. 

20 2. The method of urinalysis in accordance with daim 1. wherein the angle of rotation is measured in the urine con- 
taining a substance to be measured having an optical rotatory power and an optically active sutjstance of a known 
concentration thereby to determine the range of concentration C [kg/dQ of said sut>stance to be measured using the 
following equation: 

^ (A - A^,)/(a X L) ^ C ^ (A - A^)/(a x L) 

Ah = LxaxC^, 
A-, = L X a X Ci 

30 

where 

A: angle of rotation [degree] of urine measured. 

Ch: maximum value [kg/di] of concentration of optically active substance of a known concertration, 
35 Ci : minimum value [kg/dl] of concentration of optically active substance of a known concentration, a: specific 

angle of rotation [degree/cm • diykg] 
of a sut>stance to be measured. 

a: specific angle [degree/cm • dl/kg] of rotation of optically active substance of a known concentration, and 
L: measurement light path length [cm]. 

40 

3. The method of urinalysis in accordance with claim 1 . wherein the urine containing N kinds of optically active sub- 
stances is subjected to the measurements of the angle of rotation using tine light of at least N kinds of wavelengths, 
respectively, to determine the concentrations of optically active sut>stances in said urine. 

45 4. The method of urinalysis in accordance with claim 1 . wherein the concentration of sakl optically active suljstance 
arxJ the concentration of a light scattering substance in said urine are detemnined t>y measuring a quantity of light 
scattered by said urine in addition to the measurement of the angle of rotation of said urine. 

5. A method of urinalysis comprising the steps of: transmitting polarized light through urine, applying a magnetic field 
50 to said urine, and detecting tiie change in the direction of polarization of said light due to tiie application of said 

magnetic field thereby measuring an angle of rotation of said urine: and deterrrtning a concerrtration of an optically 
active substance in said urine based on thus obtained angle of rotation of said urine. 

6. The method of urinalysis in accordance with daim 1 or 5. wherein said optically active substance is at least one 
55 selected from the group consisting of protein, sugar and L-ascortDic acid. 

7. The method of urinalysis in accordance witii claim 1 or 5. wherein said angle of rotation of ttie urine is measured 
with respect to the light having a wavelength of 500 nm or more. 



18 



4 



EPO 805 352 A1 

8. A method of measuring an angle of rotation, wtierein a polarized light is transmitted through a specimen, at the 
same time a magnetic field Is applied to said specimen, and a change in the direction of polarization of said light 
attributable to said magnetic field is detected thereby to measure the angle of rotation of said specimen. 

5 9. Tne method of measuring the angle of roiatiori in accotdance wiui cialm 5, wheieiri ii'ie changes in the uirection of 
polarization of said light due to tvwo or more different magnetic fields are detected respectively. 

10. The method of measuring the angle of rotation in accordance with claim 8, wherein said magnetic field is swept. 

10 11. The method of measuring the angle of rotation according to claim 8. wherein a reference specimen having a known 
angle of rotation is measured in the same manner as said specimen, and a value obtained by measuring said spec- 
imen is corrected using a value obtained by measuring said reference specimen. 

1 2. A potarimeter conpristng a morKx:hromatic light source for projecting light, a polarizer for transmitting only a polar* 
15 ized component in a specific direction of the projected light, a sample cell for holding a specimen and arranged in 

such a manner that the light transmitted through said polarizer is transmitted through said specimen, magnetic field 
application means for applying a magnetic field to said specimen, magnetic field sweeping means for sweeping 
said magnetic field, an analyzer for transmitting only a polarized component in a specific direction of the light trans- 
mitted through said specimen, a light sensor for detecting the light transmitted through said analyzer, and calcula- 
te tion means for calculating an angle of rotation of said specimen t>ased on a magnetic sweep signal of said magnetic 
field sweeping means arKl an output signal of said light sensor. 

13. A polarimeter in accordance with claim 12, wherein said calculation means calculates the angle of rotation of said 
specimen based on the output signal of said light sensor in at least two different magnetic fields. 

25 

14. A polarimeter comprising a monochromatic light source for projecting light, a polarizer for transmitting only a polar- 
ized component in a specific direction of the projected light, a sample cell for holding a specimen and arranged in 
such a manner that the light transmitted through said polarizer is transmitted through said specimen, magnetic field 
application means for applying a magnetic field to said specimen, magnetic field sweeping means for sweeping 

30 said magnetic field, magnetic field modulation means for vibration-modulating said magnetic field at the time of 
sweeping said magnetic field, an analyzer for transmitting only the polarized component in a specific direction of 
the light transmitted through said specimen, a light sensor for detecting the light transmitted through said analyzer, 
a lock-in amplifier for phase-sensitively detecting an output signal of said Bght sensor with a vibration-nnodulated 
signal of said magnetic field modulation means as a reference signal, and calculation means for calculating an 

35 angle of rotation of said specimen t^sed on a magnetic sweep signal of said magnetic field sweeping means and 
an output signal of said lock-in amplifier. 

15. A polarimeter comprising a morK>chromatic light source for projecting light, a polarizer for transmitting only a polar- 
ized component in a specific direction of the projected light, a sample cell for hokjing a specimen and arranged in 

40 such a manner that the light trartsmitted through said polarizer is transmitted through said specimen, magnetic field 
application means for applying a magnetic field to saki specimen, nnagnetic fiekj modulation means for vibration- 
modulating sa\6 magnetic field, an analyzer lor transmitting only a polarized component in a specific direction of the 
light transmitted through said specimen, an analyzer rotation means for rotating sakI analyzer about a rotation shaft 
parallel with the direction of advance of the projected light, a light sensor for detecting the light transmitted through 

45 said analyzer, a lock-in amplifier for phase-sensitively detecting an output signal of said light sensor with the vibra- 
tion-modulated signal of sakj magnetic field modulation means as a reference signal, and calculation means for cal- 
culating an angle of rotation of said specimen based on a rotation signal of said analyzer rotation means and an 
output signal of said lock-in amplifier. 

50 16. The polarimeter in accordance with daim 15, wherein saki calculation means calculates the angle of rotation of 
saki specimen based on the output signal of said lock-in amplifier at two or more different rotational angles of said 
analyzer 

17. A polarimeter comprising a monochromatic light source for projecting light, a polarizer for transmitting only a polar- 
55 ized component in a specific direction of the projected light, polarized light modulation means for vibration-modu- 
lating the direction of polarization of the light transmitted through said polarizer, a sample cell for holding a 
specimen in such a manner that the light transmitted through saki polarizer is transmitted through said specimen, 
magnetic fiekj application means for applying a magnetic field to saki specimen, magnetic field sweeping means 
for sweeping said magnetic fieki, an analyzer for transmitting only a polarized component in a specific direction of 
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the light transmitted through said specimen, a light sensor for detecting the light transmitted through said analyzer, 
a lock-in amplifier for phase-sensitively detecting the output signal of said light sensor with a vibration-modulated 
signal of said polarized light nrxxiulation means as a reference signal, and calculation means for calculating an 
angle of rotation of said specimen based on a magnetic sweeping signal of said magnetic sweeping means and an 
output signal of said lock-in amplifier. 

1 8. The polarimeter in accordance with claim 1 4 or 1 7. wherein said calculation means calculates the angle of rotation 
of said specimen from the output signals of said lock-in amplifier in at least two differerrt nnagnetic fields. 

19. A polarimeter comprising a monochromatic light source for projecting light a polarizer for transmitting only a polar- 
ized component in a specific direction of the projected light, a sanrple cell for holding a specimen and arranged in 
such a manner that the light transmitted through said polarizer is transmitted through said specimen, magnetic field 
application means for applying a magnetic field to said specimen, magnetic field modulation means for vibration- 
modulating said nnagnetic field, an analyzer for transmitting only a polarized corrponent in a specific direction of the 
light transmitted through said specimen, a light sensor for detecting the light transmitted through said analyzer, a 
first lock-in amplifier for phase-sensitively detecting an output signal of said light sensor witii reference to a vibra- 
tion-nnodulated signal of said magnetic fiekJ modulation means, a second lock-in amplifier for phase-sensitively 
detecting an output signal of said light sensor with reference to a signal of a frequervijy twice that of tiie vibration- 
modulated signal of said magnetic field modulation means. arxJ calculation means for calculating an angle of rota- 
tion of said specimen by standardizing an output signal of said first lock-in amplifier by an output signal of said sec- 
ond lock-in amplifier. 

20. A urinalysis apparatus conrprising a monochromatic light source for projecting light, a polarizer for transmitting only 
a polarized component in a specific direction of the projected light, a sample cell for holding a specimen and 
arranged in such a manner that the light transmitted through said polarizer is transmitted through said sample cell, 
magnetic field application means for applying a magnetic field to said urine, magnetic field sweeping means for 
sweeping said magnetic field, magnetic field modulation means for vibration-modulating said magnetic field, an 
analyzer for transmitting only a polarized component in a specific direction of the light transmitted through said 
urine, a light sensor for detecting the light transmitted through said analyzer, a lock-in amplifier for phase-sensitively 
detecting an output signal of said light sensor with reference to a vibration-modulated signal of said magnetic field 
modulation means, and calculation means for calculating an angle of rotation of said urine based on a magnetic 
field sweeping signal of said magnetic field sweeping means and an output signal of said lock-in amplifier and fur- 
ther calculating a concentration of an optically active substance in said urine based on said angle of rotation. 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 19 
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FIG. 21 
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FIG. 23 
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